Vegetarian Diet -Attempts at a Definition
The definition of a vegetarian diet is particularly simple, being at a minimum the absence of meat from the diet, or more strictly the absence of all animal products. This simple definition is a useful as most people are familiar with the 'vegetarian' concept -perhaps in contrast to a 'Mediterranean diet' where definitions differ and are more complex. However, this simplicity also produces the complexity of diets with possibly marked differences in nutrients and phytochemicals sitting under the same label (e.g. diets of Adventists in the USA, British vegetarians, Indian Hindus). Some nutritional societies have been reluctant to publish dietary recommendations for a vegetarian diet as its definition was considered insufficiently specific. A more detailed definition of a 'healthy vegetarian diet' is now possible and would be most helpful, particularly if simplicity in its main points is retained.
For research purposes the inadequacies of the definition have been partially overcome by dividing vegetarians to several subgroups, such as vegan, lacto-ovo-, pesco-, semi-, and non-vegetarian [3] , although according to our definition only the first two are real vegetarians. However, pesco-and semi-vegetarians are intermediate on the continuum of intakes of meats and dairy products. The value of such an approach is borne out by noting that appetites tend to balance calories. This means that the absent animal foods are substituted with extra plant foods. Consequently it is nutrients, vitamins, and minerals associated with both animal and plant foods that show monotonic trends between these groups [3, 4] . This reminds us that any health effects of the diets may also come from the extra content of plant foods.
Health Effects of a Vegetarian Diet
The focus of the meeting that this editorial accompanies is the health effects of a vegetarian diet. These appear to be substantial despite the relative paucity of large prospective [7] [8] [9] [10] , fasting blood sugar [11] , overweight (possibly an acute effect at adoption of the diet followed by a smaller long-term effect) [11, 12] and cross-sectional evidence suggesting benefits on blood insulin [13, 14] , C-reactive protein [13, 15] , many amino acids [16] , and insulin-like growth factor-1 [13, 17] . Other studies find that vegetarians have a very different microbial bowel flora from omnivores [18] which may have beneficial implications for diabetes, cardiovascular disease, and some cancers. The evidence for lower rates of new cardiovascular disease events and mortality in vegetarians is impressive and consistent [19] [20] [21] . Studies of incident diabetes have also found substantially lower rates in vegetarians [11] . Lower all-cause mortality has been repeatedly reported in studies of American Adventists and particularly in the vegetarians [22, 23] , but not clearly so in British vegetarians [24] . The evidence about cancer is also controversial with some inconsistencies between studies. In the USA studies of Adventists there is evidence of a modest but statistically significant decreased risk for all cancers combined [25] and for at least colorectal [26] and prostate (vegans only) [27] cancers. Other less common cancers have not yet been examined with data having sufficient statistical power. Other studies suggest adverse effects of meat consumption on risk of diabetes, cardiovascular disease, and some cancers [28] [29] [30] [31] [32] . Presumably these reflect that part of the vegetarian advantage. Despite the largely observational nature of this evidence, in my view it is now appropriate to talk with some confidence about certain health benefits of a 'good' vegetarian diet, given the consistency of much of the evidence and the lack of obvious confounding. Differences between the USA and the U.K. regarding some results may illustrate different effects of rather different vegetarian diets even within Western societies. Popular perception has sometimes associated vegetarianism with social oddness. However, more recently, vegetarian cuisine and dietary practices that trend in that direction have become more desirable -perhaps in part due to the evidence cited above. It was striking that our recent paper in JAMA Internal Medicine [26] reporting that vegetarian as compared to non-vegetarian Adventists in the USA had lower rates of colorectal cancer, was the second-most widely read paper in that journal for the year. This is a diet that the public can understand and is increasingly acknowledged to have more variety, to be less expensive, tastier, and healthier than many other choices.
What Are Future Research Directions?
It is important to better understand the differences (and their possible health implications) between vegetarian diets found in different countries and cultures. A great deal remains unknown about associations between vegetarian diets and risk of medium frequency cancers (e.g. lung, endometrial, ovary, lymphoma, etc.). Also of interest is the association of vegetarian diets with risk of e.g. autoimmune disorders, inflammatory bowel disease, or common causes of dementia. Given that long-term randomized trials of effects of vegetarian diets are not possible, causal inference can be strengthened by a better understanding of mechanisms and the study of associations between diet and various aspects of cellular biology. These include effects of vegetarian diets on bowel flora as well as possible effects on gene expression and the metabolome. Finally, life-course dietary studies [33] may be informative, as dietary habits often change across many years. This will require additional large cohorts that include many vegetarians and provide a biological as well as dietary data pool.
A vegetarian can hardly avoid speculating about the likely profound effects on public health, animal rights, and health of the planet if much of the world were to become vegetarian as unlikely as that may seem. The challenge is to make this a more attractive and practical choice!
